Diarrhoea in children is caused by variety of disease agent including Rotavirus. With the increase in child mortality rate in the state which has been associated with lack of adequate hygiene's especially for those displaced from their homes, Rotavirus infection may have often been misdiagnosed since the zoonotic potentials, prevalence in children, associated risk factors and clinical signs have not been fully elucidated in Nigeria. These were determined in children who were presented for treatments for gastroenteritis in Government Hospital in Yobe State, Nigeria between the period of April 2014-May 2016 using structured questionnaire and ELISA kit. Rotavirus was detected in 18.1% (30/166) of the patients, 18.4% (16/87) and 17.7% (14/79) were in males and females respectively, while 17.7% (17/96), 15.4% (8/52), 27.8% (5/18) were for ages (<1-24, 25-48 and 49-60) months old respectively. Rotavirus infection was significantly associated (P ˂ 0.05) with age, day-care, signs of vomiting, mother's educational status, type of stool and duration, unlike in type of food, drinking water, presence of fever, animal contact and father's occupation (P > 0.05). Rotavirus is in circulation in the state and the clinical signs and some of the risk factors were significantly associated with the infection, thus will aid in early diagnosis, prevention and control of the virus spread in Nigeria.
Introduction
Diarrheal diseases account for 17% of the 10.4 million deaths in children under 5 years old worldwide (Tate et al., 2016; WHO, 2016) . Rotavirus strains have been identified globally as one of the three major pathogenic causes of diarrhea in children and the young of different animal species (Waggie et al., 2010) . They are non-enveloped viruses, measuring about 75 nm in diameter and belong to the genus Rotavirus and family Reoviridae (Estes et al., 2007) . The viruses are distinguished into eight sero groups (A-H) based on host antibodies to the VP 6 protein group antigen of which Rotavirus group A is the most prevalent group in both humans and animals (Ghosh et al., 2007; Waggie et al., 2010) . The infection is known to be transmitted via the fecal-oral route and by contact with contaminated fomites (Waggie et al., 2010) . The infection manifest as mild to severe diarrhea in the young mammals and animal with other clinical signs like vomiting, depression, anorexia, dehydration and acidosis (Sherchand and Haruki, 2004) . Persistent diarrhea do not only impaired digestive and absorptive processes of nutrients, it can leads to dehydration and death especially in children (Sherchand and Haruki, 2004; WHO, 2009) .
The infection has been reported in both developed and developing countries (Koopmans and Brown, 1999; Mwenda et al., 2010) . In developing countries, the virus has Sample preparation Up to 0.1 g or 300 μl faecal suspensions was added to 1 ml of distilled water which was mix and vortexed vigorously for a minute. Into a fresh labelled tubed, was transferred 1 ml supernatant of each sample for ELISA test.
Detection of group A Rotavirus
A commercially available ELISA kit (Automation, CA., U.S.A.) was used. Briefly, to each test well of the micro titre plates, 100 µl aliquots of prepared faecal samples was added and the positive and negative controls, then the plates were covered with aluminium foil and incubated at 24 °C for 1 hour. The plates were washed three times (first round) with washing solution. Upon the completion of the first round washing, 100 µl of the conjugate solution (provided in the kit) was dispensed into each well, incubated at 24 °C for 1 hour and washed as before. After the second round of washing the plates 3 times, 100 µl of chromogen solution (provided in the kit) was added to each well on the plate and incubated at 24 °C away from light for 10 minutes. Thereafter, 50 µl of stop solution (provided in the kit) was added to each well. The reading of the optical densities was recorded immediately after stop solution was added by means of a micro plate spectrophotometer (Optical ivy men system ® ) with a 450 nm filter. The reading was calculated and interpreted according to manufacturer's instruction.
Data analyses
Data were analyzed for percentages/ proportions in frequency tables and charts. Logistic regression was used to obtain p-values, odds ratios (OR) and 95% confidence interval (CI).
Results
The Table 1 below shows the prevalence of Rotavirus infection in children in Yobe state, Nigeria. Out of a total of 166 faecal samples, 30 (18%) were positive for group A Rotavirus. Ninety six, 52 and 18 children were aged (<1-24, 25-60 and 49-60) months respectively, and (17.7%), 8 (15.4%) and 5 (27.8%) were positive for Rotavirus group A in the same order. Furthermore, the prevalence rates in males and females were 18.4% and 14 17.7% respectively (Table 1) .
Among the children's parents, 82, 48 and 36 of them had below secondary, secondary and above secondary level of education respectively, out of which 21 (25.6%), 3 (6.3%) and 6 (16.7%) of their children were positive for group A Rotavirus in the same order (Table 2) . Furthermore, 8 (21.6%), 9 (18.4%), 5 (16.1%) and 8 (16.3%) were the prevalence rates in children from 37, 49, 31 and 49 parents respectively, whose occupation were farming, business, civil service and other jobs in the same order (Table 2) . Table 3 below shows the prevalence of Rotavirus infection in children in relation to their water source and types of food. Out of the 166 children, 29, 123 and 14 uses water that were sourced from well, borehole and river/dam respectively, out of which 5 (17.2%), 23 (18.7%) and 2 (14.3%) were positive for Rotavirus A in the same order.
accounted for 15-34% of all death of children less than 5 years old (Ada et al., 2002) . Furthermore, as at 2013, it has been estimated that about 233, 000 deaths of children under the age of five years were cause by Rotavirus disease, 22% of the death occurred in India while 49% is accounted for in four countries of India, Nigeria, Pakistan and Democratic Republic of Congo (Tate et al., 2016) . In Nigeria, the infection has been reported as endemic in children under the age of five in significant rates (Aminu et al., 2008; Pennap and Umoh, 2010) . In the study area, the infection may have been under reported or mis-diagnosed as limited data exist on the infection in the study area in contrast to the abundant risk factors associated with the infection which include little or no observance to good hygienic practices, lack of pit toilet, lack of access to potable water, co habitation with animals and poor environmental sanitation among others (Sergio and Ponce de Leon, 2009) . Thus, in the present study are presented the prevalence of Rotavirus group A infection and the significance of the associated risk factors and clinical signs in children presented with gastroenteritis at government hospitals in the state will aid in prevention, early diagnosis and control of infection which spread.
Materials and Methods
This is a hospital-based study conducted at five government hospitals which were randomly selected one each from the local government that made up the five agricultural zones of Yobe state area with latitudes 10°30' and 13° 25' N and longitudes 9° 35' and 12° 30' E of the Northern hemisphere (MAWR, 2008; Orunonye, 2009 ). Multi-stage sampling method was used (Putt et al., 1987) . Children presented with gastroenteritis at Government Hospitals or Health Centers were grouped according to age (<1-24, 25-48 and 49-60) months old and sampled with consent of parents.
Sample size estimation
The minimum sample size was calculated using the formula: n= z 2 × p (1-p) ÷ d 2 (Thrusfield, 1997) . Where; n= sample size, Z= score for confidence interval (95% confidence coefficient was taken at 1.96 score), P= Known prevalence d= 5% desired precision.
A minimum sample size of 160 was calculated using a known prevalence (P) of 11.8% (Ada et al., 2001) .
Ethical consideration and approval
This study was approved by Yobe State Ministry of Health and Human Services, Yobe State.
Sample collection and storage
About 2 gm fresh stool passed out by each participant were collected by scooping three aseptic spatula in a labelled capped sterilized plastic container, then transported cold to the laboratory and stored at 4 °C for 48 hours prior to making a 10% suspension in phosphate buffered saline, pH 7.2 after centrifugation at 8000 rpm for 3 minutes and further preserved at -20 °C until processed as described (Junaidu et al., 2011) .
Out of 8 children that drink boiled water and 158 that do not boil their water, 1 (12.5%) and 29 (18.4%) were positive for Rotavirus A respectively. The study further revealed 4 (23.5%), 9 (17.0%), 17 (18.1%) and none as positive out of 17, 53, 94 and 2 children that fed on breast milk, both breast milk and solid food, solid food only, and others respectively. The virus was also discovered in 25 (18.1%) and 5 (18.0%) out of 138 and 28 children respectively whose food were prepared by their mothers and nannies respectively (Table 3) . Table 4 shows, the prevalence of Rotavirus infection in children in relation to attendance at day care and contact with animals in Yobe state, Nigeria. Out of 24 children that attends day care and 142 that do not attend day care, 3 (12.5%) and 8 (14.8%) were positive for Rotavirus infection respectively. Out of 112 children that had contact with animals and 54 without contact, 22 (19.6%) and 8 (14.8%) were positive for Rotavirus infection respectively. Furthermore, the prevalence was higher in those that had contact with ruminant than those with poultry and pets (Table 4) .
Rotavirus infection was more in children that passed watery faeces than those that passed semi solid faeces with 28.3% and 15.3% rates respectively while the maximum prevalence with regards to the duration of diarrhoea was 64.3% at 3-4 days. Furthermore, those that experienced vomiting and fever had 38.3% and 23.4% prevalence rates respectively which were higher than 6.6% and 7.3% in those without vomiting and fever respectively (Table 5 ). Among the five agricultural zones where the samples were sourced from, the least prevalence rate (8.6%) was in Nguru while the highest rate (25%) was in Gashua (Fig. 1) . 
Discussion
Studies from other parts of the world have reported varied rates of Rotavirus prevalence as well as in Nigeria where significant rates have been reported among the states. In respect to this, the prevalence in Yobe state was investigated (Tate et al., 2016) . The prevalence of Rotaviruses in the study area has confirmed the virus as a common pathogens circulating in children below 5 years in Nigeria (Aminu et al., 2014; Alkali et al., 2015) . The prevalence rate in the study was similar to 18.0% in Northwestern Nigeria and 17.3% recorded each in Zaria and Jos, Northern Nigeria (Pennap et al., 2000; Steele et al., 2002; Aminu et al., 2014) . The result was also in agreement with 19.2% recorded in Benin City in Southern Nigeria (Iyoha and Abioudun, 2015) . However, it disagreed with the high rates of 22.3%, 25.5% and 25.8% reported in Kwara, Lagos and Sokoto states of Nigeria (Ogunsanya et al., 1994; Odimayo et al., 2008; Alkali et al., 2015) and lower rates of 12.4%, 15.7% and 13.8%, reported in Lagos, Kano and Zaria respectively (Audu et al., 2002; Pennap and Umoh 2010) .
The result in this study further contradicts the higher values of 39-52% estimated for African region (Nakawesi et al., 2010) . The observed discrepancy in prevalence rates could be attributed to geographical location, season of sample collection and method of screening used (CDC, 2008) . Rotavirus group A infection was detected in all age groups of children studied but with higher prevalence rate among children between 49-60 months of age group which disagreed with the findings that reported higher prevalence in infants (0-3 months) and young children (6-24 months) of age (Aminu et al., 2014; Alkali et al., 2015) . This could be due to behavioural activities of children at this age, as they have disposition of independence and tend to play outside the house possibly in a contaminated environment.
It has been reported that boys were twice susceptible and likely to be admitted to hospitals than girls in incidences of three illnesses namely; pneumonia, diarrheal and malaria as reported (Nair et al., 2015) . The detection of higher prevalence in male 18.4% than females with 17.7% in the study was not different from observation in previous studies (Aminu et al., 2014) . Furthermore, studies have reported no statistical significant difference in Rotavirus prevalence between male and female children in Zaria and Sokoto (Pennap and Umoh, 2010; Alkali et al., 2015) .
The general observation that Rotavirus is often found predominantly within families closed communities, daycare centres and paediatrics wards was supported by our findings, even though that majority of the children in the study were not taken to day care centres, the statistical analysis indicated significant association between Rotavirus infection and attending day care centre (CDC, 2008; White et al., 2008) . Earlier findings have reported the recovery of Rotavirus particles from naturally contaminated and frequently handled surfaces in day-care centres (Keswick et al., 1983) . The role of human hands as a vehicle for the spread of rotavirus particles has also been reported (Ansari et al., 1988; Keswick et al., 1983) .
The detection of high prevalence of Rotavirus in watery stool 28.3%, semi-solid stool 15.3% and solid stool 0% was in agreement with reports that blood tinged diarrhoea are rare in Rotavirus infection (Pennap and Umoh, 2010; Aminu et al., 2014) . However, it is believed that bloody watery stool in Rotavirus infections could arise from mixed infection with other pathogens such as Shigella and E. coli especially in developing areas where transmission of enteric pathogens and coinfection could be high as a result of poor sanitation, low immunity, lack of access to treatment, imbalanced diet and poor nutrition (Ansari et al., 1988) .
Earlier studies have shown that Rotavirus infection is associated with severe to moderate diarrhoea episodes, vomiting and fever which often led to severe dehydration in babies and young children (Offit and Clark, 2000; Bass and Dorsey, 2004; WHO, 2016) . In this study, the association between vomiting and Rotavirus infection was statistically significant and the odds of the infection for children who had history of vomiting were 21 times more likely than the odds of the infection for children who had no history of vomiting with a true population effect between 93.1% and 34.9% (P = 0.000; OR = 21.13; 95% CI = 6.860-65.054). Also, in this study high prevalence rate was between 3-4 days duration of vomiting which was in contrary to previous observations that recorded higher prevalence in 1-2 days of diarrhoea (Pennap and Umoh, 2010) . The difference observed in this study is probably due to differences in household hygiene and food preparation practices or individual child's nutritional status. In this study, severity of dehydration was not determined, but other studies carried out in Nigeria indicated significant association between Rotavirus infection and dehydration (Pennap and Umoh, 2010; Aminu et al., 2014) .
The result of analysis on the type of food fed to children in relation to Rotavirus infection showed a higher prevalence of the Rotavirus infection among children fed with breast milk only (23.5%) followed by those children fed with solid food (18.1%) while a lower prevalence was recorded among children fed with breast milk and solid food (17.0%). Statistical analysis showed no significant association between Rotavirus infections with type of food children were fed with. But, the odds of the infection for children who were fed breast milk and solid food are 1.4 times more likely than the odds of the infection for children who were fed breast milk only with a true population effect between 95.9% and 50.7% (P=0.571; OR=1.430; 95% CI=0.415-4.927). The findings in this study are similar to the findings that reported highest prevalence of Rotavirus infection among children who were exclusively fed with breast milk (Pennap and Umoh, 2010) . Their result suggested that breast feeding only may not protect the child against Rotavirus infections (Lamberti et al., 2011) . The result obtained in this study was in disagreement with a study that reported that exclusive breast feeding particularly in infant children offers some protection against severe Rotavirus infections (Aminu et al., 2014) . Other studies have reported that exclusive breast feeding provides an intense and continuous high level protection against Rotavirus gastroenteritis among children (Quigley et al., 2006; Lamberti et al., 2011) but the protective effect in infants and children age <1 -6 months was stronger than in older children because most mothers have Rotavirus antibodies from previous infection that is passed transplacental, protecting the infants (Aminu et al., 2014) .
However, there is the need for further investigation on the role of feeding regimen in the occurrence of Rotavirus infection.
The prevalence of Rotavirus infection in relation to the persons that usually prepared children's food showed that of all the positive samples, majority of the cases (83.3%), mothers were responsible for the preparation of the child's food followed by the nannies/any other person (16.7%). The result in this study is in contrast to the findings which reported that majority of cases (56.4%) of Rotavirus infection in children are due to food usually prepared by nannies or any other person while (24.4%) were for food prepared by mothers (Alkali et al., 2015) . The disparity observed in this study may be due to variation in socioeconomic factors or cultural practices between metropolitan residents of Sokoto and those residents in urban and rural communities of Yobe (Dennehy, 2000) .
From the study, the result indicated no significant statistical association between Rotavirus infection and the source of drinking water. However, the odds of the infection for children whose drinking water is tap/bore hole are almost equal to the odds of infection for children whose source of water are well, dam/river with a true population effect between 95.6% and 79.0% (P=0.907; OR=0.954; 95% CI=4.342-2.099). The prevalence reported in this study is contrary to the prevalence obtained in Sokoto (Alkali, 2015) that reported more than 46.2% of the Rotavirus infection cases in children whose major source of water was neither tap nor well water and (23.6%) in children whose major source of water was tap water. The contrast identified in this study may have arisen due to the fact that in most communities in Yobe water is sourced from communal water sources where the commodity is usually collected in containers and hauled in wheel barrows by water vendors or by member(s) of a family who may lack good personal hygiene practices thereby aiding the spread of the infection.
The result of analysis on boiling drinking water for the child in relation to Rotavirus infection indicated that majority of the parents (18.4%) did not boil water given to the children and that only (12.5%) indicated that water given to the children was boiled which gave the proportion of Rotavirus infection among children whose drinking water was not boiled against those whose drinking water was boiled 97.5% and 3.3% respectively. The difference in terms of association was not significant which is in agreement with earlier findings that reported that type of drinking water of the child had no statistical significant association with Rotavirus prevalence (Pennap and Umoh, 2010) .
Most of the residents of Yobe State rear animals such as ruminants and chickens or keep pets such as cats or dogs in the house. In this study, Rotavirus infection in children based on child's contact with animals showed no significant statistical association with Rotavirus infection. However, the odds of the infection for children who had contact with animals are 1.4 times more likely than the odds of the infection for children who had no contact with animals with a true population effect between 94.1% and 65.9% (P=0.450; OR=1.41; 95% CI=0.581-3.401). The reason for this may probably due to common life styles among children at that age and sample size. The findings in this study are similar to the findings of (Yilgwani and Okolo, 2012), (Karambu et al., 2013) and (Bahartha and Alezzi, 2015) that reported no significant association between contact with animals and diarrheal diseases in Jos, (Nigeria), Igambe, (Kenya) and Al-Mukalla, (Yemen) respectively.
The result on educational status of parents indicate that children whose parents' educational levels were below secondary school had the highest prevalence 25.6% (21/82) while children whose parents had secondary level of education had the lowest prevalence 6.2% (3/48). Statistical analysis revealed significant association between Rotavirus infection and educational status of child's mother. The odds of infection in children whose mother education status was below secondary school are 2 times more likely than the odds of infection for children whose mother's education status was secondary school and above with a true population effect between 89.7% and 59.9% (P = 0.020; OR = 2.02; 95% CI = 1.030-4.010). This may be explained by the fact that highly educated parents may have acquired more skills, practice and knowledge to protect their children from likely exposure to Rotavirus infection. Further, it's likely that children whose parents are highly educated might belong to the working class who may need to take their children to day care centers. The findings in this study however goes against the findings reported in (Aminu et al., 2008) and (Junaidu et al., 2011) which all reported children whose parents had primary education had the highest prevalence while those children whose parents had informal education had the least.
Rotavirus infection was detected in children below the age of five in all the five agricultural zones of Yobe State, thus points to the urgent need for awareness creation and implementation of Rotavirus control measures in the State. In this study, the observed varied rates of infection across zones may be due to difference in levels of immunity of children in the respective locations since geographical location and environmental factors are among main factors that influence difference in Rotavirus prevalence (CDC, 2008) .
Conclusions
Rotavirus infection has been detected in children below 5 years old with diarrhoea in Yobe State, Nigeria with a prevalence rate of 18.1% which has been revealed to be significantly associated with age groups, attending of daycare centre, signs of vomiting, type of stool and duration of diarrhoea in addition to the educational level of mothers in the state, The findings will aid in prompt diagnosis, prevention and control of the infection in children in Yobe state, Nigeria.
